Samples of plankton, periphyton, benthos and phytocyliocenoses (coastal thickets of aquatic plants with associated ciliates) were collected during 2010-2017 from 7 collection points (from north to south) along the Azerbaijan sector of the Caspian Sea coastal zone. In total, 463 species of free-living ciliates were found. The highest number of ciliate species was noted in the Divichi firth (214) and on the Absheron coast (203). The species composition in Nabran (179 species) and on the coast of Lankaran (107) and Astara (110) was much lower. Minimal species diversity was observed in the Kyzyl-Agach Bay (96) and estuary of the Kura River (72). The similarity of the freeliving ciliate species composition of the seven stationary points along the Azerbaijan sector of the Caspian Sea depends on the similarity of environmental conditions at these collection points, as well as on a certain distance between them. Species diversity in different biotopes of each of the seven stationary collection points showed that, despite the strong differences in the total number of the ciliate species found therein, approximately the same ratio of species diversity in various biotopes is characteristic for all collection points. It was established that in plankton communities there are from 9% to 16% of the total number of ciliate species, in periphyton -from 10% to 25%, in benthos -from 30% to 40%, and in phytocyliocenoses communities -from 33% to 44%. The obtained data indicate a general pattern of the distribution of ciliate species richness among different biotopes, even considering the presence of many ciliate species simultaneously in several habitats.
Introduction
The Caspian Sea is a closed salty-water basin with a relatively high degree of endemism of its animal world. The beginning of modern study period of freeliving ciliates in the Caspian Sea was inspired by the works of F.Q. Agamaliev, who had studied this group during many years starting from the middle of the XX century. While earlier only a few ciliate species were known in the Caspian Sea, already in the early 1980-s Agamaliev (1983) provided a list of 439 species.
The study of the total biodiversity of free-living protozoans of Azerbaijan, including the ciliates of the Caspian Sea, has continued in consecutive stages throughout the subsequent years, and the summarized results of those long-term investigations are presented in the recently published monograph (Alekperov et al., 2017) .
In this article, we present the results of long-term study of the free-living ciliate species diversity in various biotopes of the coastal zone of Azerbaijan sector of the Caspian Sea.
Material and methods
Samples of plankton, periphyton, benthos and phytocyliocenoses (coastal thickets of aquatic plants with associated ciliates) were collected in 2010-2017 at 7 collection points along the Azerbaijan sector of the Caspian coastal zone (Fig. 1) . Plastic bottles were used to collect benthic samples, plankton samples were collected using plankton net with mesh size of 20-60 µm. The samples of periphyton and phytocyliocenoses were collected by scraping biofilm and picking up water among aquatic plants thickets.
The impregnation methods with silver nitrate (Chatton and Lwoff, 1930) and protargol (Alekperov, 1992) were used for determination of taxonomic identity of ciliates. Counting of ciliates was conducted in a Bogorov chamber in vivo in 5 ml of water or 1 cm 2 of benthos on surface under binocular followed by recalculation for 1 L or 1 dm 2 . Bray-Curtis cluster analysis was used to compare the similarity of species diversity at different sites. All data were calculated by PC Software programme "Biodiversity Professional 2".
Results
The data related to the total species diversity of free-living ciliates at seven stationary points located in the Azerbaijan sector of the Caspian Sea coast are shown in Table 1 . In total, 463 species of free-living ciliates were found in the studied region (Table 1) .
The first sampling station (# 1) was located near the Nabran settlement, not far from the Russian state border. Here, silty sand biotopes predominated in the bottom of the coastal zone. In total, 179 species of ciliates were registered in this area, most of them were found in benthic (72 species) biotopes and coastal phytociliocenoses (61 species).
The next sampling station (# 2) was located in the Divichi firth -the low-salinity (4-5‰) area, which is connected with the sea in spring only. A characteristic feature of this stationary sampling point is the presence of a wide variety of benthic biotopes, as well as large sites overgrown with Ilham Kh. Alekperov and Elyana N. Tahirova aquatic plants (phytociliocenoses). Of course, it is necessary to take into account that many ciliate species are found in two or more biotopes at the same time. It should be noted that in addition to the true planktonic species -Cyclotrichium ovatum, Halte-ria grandinella, H. maxima, Pelagohalteria viridis, Limnostrombidium viride, Spirostrombidium coronatum, Strombidium nabranicum, etc., we have identified many facultative planktonic species that are commonly found in shallow water phytociliocenoses and other biotopes. This fact can be explained by the shallow water and the presence of huge thickets of aquatic plants in the Divichi firth. Such species as Euplotes harpa, E. eurystomus, Aspidisca binucleata, A. turrita, Holophrya vorax, H. salinarum, Lembadion magnum, Paramecium woodruffi, Ophryoglena atra, etc. can be noted as facultative planktonic species. In total, 214 species were found at site # 2.
The next largest ciliate species diversity was registered at the Absheron peninsula (sampling site # 3). There is a significant difference in the coastal zone water quality between the northern and southern coasts of Absheron. The northern coast is less polluted with both marine oil production and domestic wastewaters, as compared with the southern coast. On the northern coast, there are still areas of pure psammon, and in the coastal zone there are many rocks with well-developed periphyton. The southern coast is heavily polluted by products of the offshore oil production (although in recent years the results of monitoring of the sea water quality have become noticeable), but the main problem is related to the discharge of the wastewater (Kasymov, 2004) .
In the plankton of the Absheron Peninsula coastal zone, we can mention such ciliate species as Euplotes gracilis, E. minuta, Aspidisca poljanski, Lacrymaria olor and L. marina that are common in shallow water areas, as well as Novistrombidium testaceum and Askenasia confunis, which prefer the plankton of the deeper (3-12 m) sections of the Absheron coast. In total, 203 species we found at this site. Large concentrations of species of the genus Dysteria were observed in the periphyton of the coastal zone of Absheron and especially in the sampling areas on the Lankaran and Astara coasts (sites ##6 and 7, respectively). In addition, common in periphyton species, such as Chlamydodon mnemosyne, C. obliquus and representatives of the genus Hartmanula (H. ocellata, H. entzi and H. angustipilosa) were also found in these areas.
The coast of the southern part of the Caspian Sea, not far from Lankaran and Astara cities near the Iranian border, is traditionally considered clean from oil pollution and domestic wastewaters, although the discharge of the latter has increased due to the intensive construction of tourist camps and private houses in this region.
Data on the species diversity of different groups of benthic ciliates showed that the species of the family Trachelocercidae (Kovalevaia sulcata, K. teissieri) as representatives of the typical marine psammon were found on the northern Absheron coast, and the remaining four species (Tracheloraphis discolor, T. conformis, T. binucleata, T. obigostriata) were discovered only in the psammon of the Lankaran and Astara coasts of the Caspian Sea.
Representatives of the second typical for psammon family, Kentrophoridae (Kentrophoros canalis, K. uninucleatus, K. trichocistis, K. faurei, K. flavus and K. latus) were noted exclusively in Astara and Lankaran study areas. These sites of the Caspian Sea coast are located not far from the Lankaran and Astara cities. Such local distribution of representatives of typical inhabitants of the present marine psammon is likely related to their demands for the cleaner environment. In addition, their distribution is affected by the higher salinity (13.90 ‰) of the Southern Caspian Sea (Kasymov, 2004) . Altogether, 107 and 110 species, respectively, were found here.
In the Kyzyl-Agach Bay (sampling site #5), the free-living ciliate species diversity was represented by 96 species. This area is located on the migration routes of many waterfowl and wading birds; it is shallow and heavily overgrown with aquatic plants. Typical for this site is a strong increase of nutrients concentration in water and formation of sapropel silt plots in the shallow waters in summer, due to the high concentration of birds. Occurrence of the representatives of the sapropelebionts that are capable of existing at minimal oxygen concentration in the water and in the presence of hydrogen sulfide should also be noted among the specific benthic communities of free-living ciliates.
Such black and sapropel silt biotopes are most typical for the Divichi firth and the estuary of Kura River, and to a lesser extent -for the Kyzyl-Agach Bay. Representatives of the family Metopidae (Metopus acidiferus, M. caucasicus, M. fuscoides, M. contortus, M. es), as well as members of the genus Brachonella (B. mitriformis, B. spiralis, B. darwini,  B. elongata) , predominate in the silt biotopes quantitatively. Representatives of the genus Caenomorpha (C. medusula, C. levanderi, C. lauterborni) and such well-known sapropelebionts as Pelodinium rotundum, Epalxella mirabilis, E. antiquorum, E. triangula, Saprodinium halophilum, S. mimeticum, etc. were also registered at those sites. All these species form the basis of the benthic ciliate communities of black and sapropelic silts.
Communities of sapropelebiont benthic ciliates are most diverse and abundant (qualitatively and quantitatively) in the middle of summer, when in the shallow water the processes of destruction of dead organic matter are actively taking place as a result of the suffocation phenomena. In addition, most of the sapropelebiont ciliates are thermophilic and are found from late spring to autumn. Of course, in addition to sandy biotopes (psammon), as well as black and sapropelic silts, there were also mixed areas combining the features of various biotopes, which also affected the species diversity of free-living ciliates. Overall, 96 ciliate species were found there.
In the desalinated estuary of the Kura River (sampling site #4), only 72 ciliate species were found. It should be kept in mind that most of the ciliates in this area were found in small shallow bays overgrown with higher aquatic plants, and only a few species were found directly in the sea. The similarity of the species composition of freeliving ciliates of different stationary collection points along the Azerbaijan sector of the Caspian Sea was carried out using theBray-Curtis cluster analysis. The results are presented in Fig. 2 .
As can be seen from Fig. 2 , the highest similarity of the species composition is observed between the Lankaran and Astara coasts (74%). We explain this fact by the closest location of these sampling points, as well as by their similar environmental conditions.
High similarity of the ciliate species composition was also noted for the areas of the Divichi firth and Kyzyl-Agach Bay (41.7%). In this case, although these sampling sites are quite distant from each other, the environmental conditions therein are also similar. Both sites are highly desalinated and have large areas overgrown with aquatic plants.
The similarity of the ciliate species composition in other areas ranges from 38-39% (Nabran-Absheron and Divichi-Absheron) to a minimum of 14.3-4.47% (Kura River estuary and the coasts of Astara and Lankaran). In our opinion, the minimum similarity in the ciliate species composition can be, to certain extent, due to sharp differences in the salinity of the almost fresh Kura River estuary and the most saline southern part of the Caspian Sea, where the salinity reaches 13.9‰.
Thus, as a result of the analysis, two clusters can be distinguished -first, the highest similarity of ciliate communities was found for the Lankaran and Astara coasts of the Caspian Sea, and the second greatest similarity -of the Divichi firth and the Kyzyl-Agach Bay (Fig. 2) .
The results show that the similarity of the species composition of the free-living ciliates of seven stationary points along the Azerbaijan sector of the Caspian Sea depends on the similarity of environmental conditions at these collection points, as well as on the distance between them.
In addition, important results were obtained by the assessment of data on the percentage distribution of the total species diversity of free-living ciliates in each research area at different biotopes (Fig. 3) .
The percentage ratio of the free-living ciliate species composition between biotopes has certain differences at each stationary collection point. For example, the percentage of plankton ciliates in relation to the periphyton, benthos and phytociliocenoses communities was the highest in the Divichi firth, accounting for 16% of the total species diversity of this area. Interestingly enough, the minimum ratio of species diversity in the plankton ciliates was noted in Kyzyl-Agach Bay (9%), where environmental conditions are largely the same as in the latter region. In the remaining collection points, the proportion of the planktonic ciliates in the total species diversity was rather stable, ranging from 11% to 14%. The maximum percentage ratio of periphyton ciliates was observed at the Kyzyl-Agach Bay areas and the Kura River estuary (25% both), and the minimum percentage ratio -on the Astara coast (10%). In the remaining areas, the share of periphyton ciliates of the total species diversity was 13%-15%.
The maximum ciliate species diversity in benthic biotopes (40%) was observed at the sampling point of Nabran, at the Absheron site: it was 38%, and the minimum (30%) was revealed at the Kura River estuary. In the remaining sampling points, the share of benthic ciliates in total species diversity was within 32%-36%. It was found that the community of free-living ciliates in the coastal thickets of plants (phytocyliocenoses) is most close in percentage to benthic ciliate communities, being equal to the maximum value of 42% and 40%, respectively, on Lankaran and Astara coasts. The percentage of ciliate community of phytocyliocenoses at the remaining areas was fairly stable, totaling 33-34%.
The above data showed that the total species diversity of free-living ciliates in each specific part of the Caspian Sea coast is distributed in a certain proportion in accordance with its main biotopes. Further comparative studies on other marine and fresh waters will show whether this is a local rule or it is also valid for other regions.
